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Perlluoropolyethers free from peroxidic oxygen and containing perlluoroepoxy groups positioned along their 
perfluoropolyether chain. 



@ Perfluoropolvetners having fluonnateo eooxy groups po- 
sitioned along tneir perfiuoropoiyether chain, and free trom 
peroxidic oxygen, are obtained by means of a tow-temperature 
oxidation process, in the liquid Dhase, with molecular oxygen 
and in the presence of U.V. light, of a mixture of a perlluon- 
nated monoolefin and a perfiuorinated conjugated diene. and 
by the subsequent photochemical decomposition of the per- 
oxy groups contained in the photooxidation product, carried 
out by treating the peroxy-groups containing product with U.V. 
(SI light at a temperature of from 0*C to 160°C Derivatives of said 
£f epoxy containing r^rfluoropolyethers in which the epoxy 
^ groups have been convened to functional groups are aiso dis- 
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PF.RFLUQROPOLYETHERS FREE FROM PEROXIDIC OXYGE N AND C ONTAIN T NO 
PERFLUOROEPOXY GROUPS POSITIONED ALONG' THE FERrLuC)ROFOLY£TriER 
CHAIN 

The present invention relates to perf luoropolyethers having 
f luorinated epoxy groups positioned along their chain, obtained 
by starting from a mixture of a perf luoroolef in and a perfluoro- 
diene. 

It is known that in low-temperature photooxidation of per- 
fluoroolefins (from -30°C to -60°C) with molecular oxygen and in 
the presence of U.V. light, the primary reaction product is a per 
f luoropolyether consisting of sequences of oxyperf luoroalkylene 
units and containing peroxy groups in a variable amount as a func 
tion of the reaction conditions, ( The removal of the peroxy groups 
in order to obtain stable perf luoropolyethers is carried out 

/ 

thermally by a long heating at a high temperature. See U.S. 
Patents No. 3,715,373 and 3,665,041. 

It is known from U.S. Patent 3,451,907 that perf luorobutadie 
ne, either alone or as a mixture with a perf luroolef in, when sub 
-iected to oxidation with molecular oxygen, at low temperature, in 
the liquid phase and in the presence of U.V. light, yields photo- 
oxidation polymeric products characterized by the contemporaneous 
presence of peroxy groups, of fluorinated epoxy groups; 

-CF— CF n 

\/ 2 

0 

of acidic -C0F groups. The complete elimination of the peroxy 
groups from th photoxidation products, carried out thermally 

according to the known art, consisting in . heating at tem- 
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peratures of at least 200°C for very long times (some hours) causes, 
necessarily, the contemporaneous decomposition of the epoxy groups, 
which are mostly converted into acidic -COF groups. 

Thus, the object of the present invention are novel perfluoro 
polyethers constituted by sequences of oxyperf luoroalkylene units, 
characterized by the presence, along their perf luoropolyether chain, 



of perf luoroepoxy groups 



CF — CF 0 



and by the absence of peroxy groups. 

These products are obtained by means of the photooxidation of 
a mixture of a perf luoroolef in and of a perf luorinated conjugated 
diene and subsequent photochemical decomposition of the peroxy 
groups, or subsequent specific chemical reduction of the peroxy 
groups as indicated below. 

As perf luorinated olefins used as the starting products, in 
particular tetraf luoroethylene and perf luoropropene are suitable. 
As the perfluorinated diene, in particular perf luorobutadiene xs 
suitable. 

In case as starting products CJ^ and C^F, are used, a per- 
f luoropolyether having the following structure;. 

R< 0(C F 0) m (CF 2 0) n /CF 2 -CF0 -V R f (D 
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will be obtained, wherein: 

R f and R' f are -CF^OF or -CF^ end groups at least one being 
-CF^COF, when the photochemical decomposition of peroxy groups 
is used, whereas when chemical reduction of peroxy groups is 
carried out with HI in alkanol ROH (R = alkyl - C^), the 
groups R~, R% are -CF o C00R; 

m, n and £ are integers different from zero, the m/n ratio is 

comprised within the range of from 0.5 to 2, the oxyf luoroalkv 

lene units being randomly distributed along the chain, 
m + n 

The — p ratio can range from 3 to very high values, even 

as high as 40. The molecular weight is preferably comprised within. 

the range of from 500 to 15,000. In case C^F. and C F. are used, 

J o 4 b 

a perf luoropolyether of formula: 

R', of CF 0 CFo\ (CFX0) /CF.-CF0 — R (II) 

* ( *\ \ n " ! \ fc 

0 / p 

will be obtained, wherein 

X - F or E> £ and d are integers different from zero, R'^ 

and R^ indicate the end groups .above specified. The m/n ratio is 
comprised within the range of from 5 to 40, and the m/p ratio is 
comprised within the range of from 2 to 50. The molecular weight 
is preferably comprised within the range of from 500 to 8.000. 

If desired, also perf luoropolyethers can be prepared, which 
contain mixtures of a plurality of perf luoroolef ins for example 
C 0 F^ + C-jF^, and one or » ore conjugat d dien s. 
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The first step of the process consists in the photooxidation, 
which is substantially carried out according to the known art. 
The perfluoroolefin + perf luorodiene mixture is dissolved in a 
suitable inert solvent, in particular a chlorofluoro carbon such 
as CC1.F ; the oxidation is carried out with molecular oxygen in 
the gas state, at temperatures of from -30°C to +50°C, preferably 
of from -60°C to 0°C, and in the presence of U.V. light. The photo 
oxidation product contains peroxy groups and perf luoroepoxy groups 

We have surprisingly found that "the peroxy groups can be eli- 
minated, and the epoxy groups being left unaltered, by carrying 
out a photochemical decomposition of said peroxy groups, at a con 
trolled temperature. Suitable conditions for obtaining a product 
free from peroxy groups, and maintaining unchanged epoxy groups 
are the use of U.V. light az a wavelength of 248-334 nm, and of 
temperatures of from 0°C to 1S0°C, preferably of from 20*C to 
50 °C. 

It is also possible to eliminate the peroxy groups through 
chemical reduction which leaves unaltered the epoxy groups, for 
example by reacting with HI in alkanol ROH (R = alkyl - C fi ). 

The epoxy groups frequence in the perf luoropolyether chain 
is proportional to the diene/monoolef in ratio in the starting 
mixture. 

As diolefins besides perf luorobutadiene, also perf luoroiso- 
prene can be mentioned as an example. 
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Further object of the invention is the preparation of dibromo- 
derivatives wherein R^ and R f f are -CF^r. 

These compounds are obtained by reacting with bromine in the 
presence of U.V. radiations «t about 100°C, the photochemical oxi 
dation product containing peroxy and epoxy groups: the bromine is 
introduced at the place of peroxy groups as described in the 
rp-A- 14 5,946 whereas the epoxy groups remain unchanged. 

Further object of the invention is the preparation of derivati 
ves of the products above defined obtained by conversion of the 
epoxy groups and/or of the end groups R. and R' f in order to obtain 
polyfunctional derivatives. The derivatives obtained through the 
conversion of both end groups R f and R f f and also epoxy groups can 

show all the functional groups of the same type when the epoxy 

0 

groups are previously converted into-C^ or -C00R respecti- 

^ \. F 

vely -CF ? c C^p -and -CF 0 COOR (R - alkyl C^-C^. Otherwise the 

functional, groups derived from R and R' f are generally different 
from those derived from epoxy groups. 

Said functional groups are those suitable to give polymers 
by polycondensation or by polyaddition reactions or to act as 
cross-linking agents for resins or polymeric materials. The polj 
meric products thus obtained are characterized by the following 
properties: 

- high thermal stability, 

- low second order transition temperature, 

- water and oil repellent, 

- low refractive index. 
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As more interesting functional groups, obtainable through 
well known reactions, we can mention* the following: 

- CONHR (R = H or alkyl c 1 ~ c l2 > °* cycloalkyl, preferably C_.-C g ) 

- CN 

- CHR'OH (R' = H or -CFJ 

3 

-CH_NH 
2 2 

From the above main functional groups it is possible to obtain 
many other functional groups through known reactions for example 
the functional groups described in US- A- 3 8 10 S?- ; 5 £47 97 S; EP- 
A- 165 649 and 1 6 5 650 thus obtaining pr oducts having the same uses 
and characterized by the properties above mentioned for the polyme- 
ric derivatives and also by good lubricant characteristics. 

It is possible to convert the epoxy group without modification 
of the end groups R« and R' ^, for example through the following 
reactions. 

a) Conversion of the epoxy group into a -C^^ ^ group by thermal 
treatment at 1 SO - 200°C with elimination of CF o for each 
epoxy group as gaseous byproduct (in form of C n F • C _F . or 
higher f luorodief in) according to the scheme: 

- CT n - CFO - ^ - CF 0 - CFO - 

CP — CF„ 

V ^ 

Starting products can be those of formula I and II with any 

value (also -CF Br) for R^ and R ' • 
2 f f 
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b) Conversion of th epoxy group -CF — CF into a CF„ 

- \ / 2 " Xf 

0 

group by treatment at 50°C with KF in an aprotic polar solvent 
such as diglyme. Starting products can be those of formula 
I and II with any value (also -CF Br) for R- and R' . 

c) Conversion of the epoxy group -CF — CF into a CFHal -C / 

\ / 2 \ F 

0 

(Hal = halogen different from F) through reaction with a 
Grignard reagent RMgHal in stoichiometric amount. Starting 
compounds: those of formula I and II wherein R^ and R 1 ^ are 
•*CF o C00R. 

All the groups -C<^ present as R 5 and R' f or derived 



from conversion of epoxy groups according to the reactions 

an 

a), b) and c) can be easily converted into ester group 
-C00R by reacting with alkanol ROH (R =» alkyl -* c 3 )* Th©*« 
ester groups are suitable for many further reactions and at 
the same time do not have some drawbacks of the free acylfluo 
ride group, 

d) Conversion of the epoxy group -CF — CF^ into the keto group 

0 

-C0CF„, in the starting compounds of formula I and II wherein 
R^ and R ! f are -CF^COOR. The reaction is carried out by heat 
ing at 100°C in the presence of AlF^, A -subsequent interest- 
ing reaction of this keto group is the reduction of the same 
with H 0 (catalyst Pd on carbon) with conversion into the 
group -CHOHCF^, whereas the end groups -CF^OOR remain nnchan 
ged. Th hydroxy group -OH thus introduced along the perfluoro 
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ethereal chain, can be utilized for crosslinking reactions 
with suitable crosslinking agents (for example diepoxides, 
diisocyanate, etc ). 
) A further reaction of the epoxy groups of compounds of formula 

I and II wherein and R 1 ^ are -CF^Br or -CF^COOR, is their 
polymerization in the presence of CsF or of tetramechyi urea, in « 
polar aprotic solvent. The obtained polymer, having a perfluo 
ropolyether structure, are of linear or crosslinked type 
and can contain a high number of reactive grouos -CF^COOR or 
-CF^Br. 

The grouos -COCF , -CF^C ^ and -C <^ obtained through 

3 * ^ F ^F 

the conversion of the epoxy groups as above shown, can be 

further converted ro perf luorovinylether groups, which are 

suitable for the preparation of addition polymers containing 

the end groups R f and R' f of the type -CF^Br or -CF^COOR. The 

conversion occurs through the addition of alkali fluoride CsF 

and/or KF and subseauent addition of CF -CF — CF o in £ polar 

aprotic solvent, thus obtaining an acyl fluoride derivative 

which in the presence of basic substances, at 1 20 - 220°C, 

gives the perf luorovinylether derivative. 

As above said starting compounds are those of formula I or 

II having R f and R f f equal to -CF^r or -CF^OOR and wherein 



thetooxy groups have been pr viously converted into -CF 0 -C-^ 

0 " \F 

or -C / acyl fluoride groups. 
X F 
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The perfluorovinyl ethers thus obtained are characterized 
respectively by the group -CF^CF o 0CF =- CF n or -CF^OCF « CF n , 
f ) Another interesting conversion of the epoxy groups is that 
into -3r according to the scheme: 

-(CF.)-cf^ — -(CFJ -C0NB% > " (CF 2 } - Br 

Z \ F 2 
The polyf unctional perf luoropoiyethers of the 

invention can be employed for preparing crosslinked polymers, or 
as crosslinking agents of polycondensation polymers. 

Linear polymers can be obtained by nucleophilic polymerization 
of the epoxy group, from the compounds of formula I and/or II 
having only one epoxy group per per f lucroeiher chain. 

These linear polymers can be used as liquid membrane having 

many applications depending on the kind of the functional groups 

on the sides of the polymeric chain (for instance -C00H or SO^H 

3 

having ion exchange properties). 

In general the compounds of formula I and II or their deriva- 
tives can be used as coatings, topic lubrication and boundery 
lubrication. 

The following examples are given as illustrative and not limi 
tative embodiments of the invention, 

EXAMPLE ! 

A) Preparation of the peroxy compound 

A 600 ml photochemical reactor is used, with an optical path 
of 0.5 mm, equipped with a reflux condenser kept at the tern 

perature of -30°C, a sheath with thermocouple for temperature 

(R) 

detecting. The reactor is equipped with a system of FC 75 



-10- 



0244839 



-cooled quartz sheats for the insertion of the U.V. lamp 
(HAuVAU type TQ 150) wavelength comprised within the range 
of from 248 to 334 nm). 

To the reactor, after cooling by dry ice-acetone bath, 460 ml 
of CF^Cl^ is charged; then the reactor being maintained at 
-50°C, to it, over 4.3 hours, 96 g (3.0 mol) of 0,,, 100 g 
(1.0 mol) of C,,F and 14.1 g (0.0S7 mol) of C^F^ are charged. 
The gases entering the reactor are passed through a CaCl^-trap. 
At the end, the solvent is evaporated off, and 46 g of oil is 
.obtained. The produced oil results to contain 3.96? of active 
(peroxy) oxygen by weight. On the basis of this data, of the 
19 F-N\M.R. spectrum and of the I.R. spectrum, the structure 
of this compound can be represented by a sequence of -CF^,-, 
-CF„-CF„- units linked by ether and/or peroxy bridges and by 
-CF 2 CF- 

" i 

i 0 

CF— CF n 

units only connected by ether bridges. The product, which has 
a viscosity of 4300 cSt at 20°C, has a molecular weight (as 
determined by G.P.C. and confirmed by N.M.R. ) of 7200. The 
epoxy content (computed by 19 F-N.M.R.) is of 2.7 units per po- 
lymer chain. 
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Preparation of the compound with zero oxidizing power 

23 g of product obtained from photosynthesis is dissolved in 

230 ml of CFCl^CF^Cl and is charged to a 300-ml reactor with 

an optical path of 0.5 mm, equipped with a reflux condenser 

maintained at a temperature of -10°C and with a sheath with 

thermocouple for temperature detecting. The system is provided 

with FC .75 -cooled quartz sheats for the insertion of the 

( K) 

U.V. lamp (HANAU type TQ 150) (FC 75 ) is a 3M f luorocarbon ) . 
The photoreduction reaction is carried out at the temperature 
of 30°C for a time of 30 hours. At reaction end, from reactor 
13.9 g is recovered of a product which, at the iodometric ana 

lysis, results to have a zero content of (peroxy) active oxygen. 

1 0 

On the basis of the F-N.M.R. spectrum and of the I.R. spec- 
trum, the structure of this product is represented by a sequen 
ce 0 f -CF0-,-CF 2 -CF ? 0-, 

-CF^CFO 

0 

/\ 

CF— CF o (b) 

units, and end groups of -CF^COF type. The molar ratio of pos 

sible -CF- groups inside the chain to the (b) -CF^- moieties 

1 9 

of the epoxy group remains constant. In fact, the F-N.M.R. 
does not detect the presence of groups of 
-CF -CFO- 

2 1 

C0F 

type inside the chain. 
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The molecular weight of the product results to be 5,400. The 
content of in-chain epoxy groups after the photoreduction 
results of 2.65 units per polymer chain. 

Example 1A (Comparison Example) 
An aliquot of an oil O.P. (oxidizing power) =» 3.962 by weight, 
obtained in step A of Example 1, was submitted to a thermal treat 
ment to the purpose of reducing its oxidizing power. 26 g of polv 
mer is charged to a 50-cm 3 flask equipped with thermometer and stir 
rer; over a 2-hour time the temperature is increased to 230°C, the 
reaction mass is then kept for a further 6 hours at 230-240°C. At 
the end, 12.1 g is unloaded of a product which, at the iodoraetric 
analysis, results to have a zero O.P. The l0 F- N.M.R. spectrum does 
not evidence the presence of epoxy groups, but the typical peaks 
appear of 

-0CF\-CF- (a) 
COF (b) 

group. 

[ i (b) = + 26.4; a (a) - -130, -131.5 J. 

Example IB (Comparison Example) 
A. portion of an oil having O.P. = 3.96? by weight, obtained 
as per step A of Example 1, was submitted to a thermal treatment. 
20 g of the oil is charged to a 50-cm 3 flask equipped with ther- 
momet r and stirrer; the flask is placed inside a heating bath, 
and the whole is kept at a constant temperature of l60 p C. 52 
hours later, the product results to have an O.P. of 2.7? by 
weight and an epoxy content of 80% of initial poxy content, as 
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determined via K.M.R. analysis. 

EXAMPLE 2 

A) Preparation of the oeroxy compound 

To the same equipment as of Example 1, 460 ml of CF^Cl^ is 
charged; then, with the equipment being maintained at -47°C, 
to it, over 6 hours, 101.2 g ( 3 . 1 6 mol) of 0^, 74.6 g (0.74 
mol) of C 0 F 4 and 25.4 g (0.l6 mol) of C F, are charged. At 
reaction end, the solvent is evaporated off, and 59.3 g of 
oil is obtained. The oil obtained according to this process 
has a content 3.64% of active oxygen by weight. On the basis 

• Q 

of this data, of the * F-N.M.R. spectrum and of the I.R. 
spectrum, the structure of this compound results to be compos 
ed by the same repetitive units as evidenced in the product 
of Example 1. The epoxy content (as computed by 'F-N*. M.R.J 
is of lO.i uni~s per polymer chain, the molecular weight of 
which is 7,500. 
B ) Preparation of "aro-Q.?. compound), 

25 g of the peroxidic product coming from the photosynthesis 
is dissolved in 230 ml of CF^CICFCI and is charged to a 
300-ml reactor as already described in Example 1. The photo- 
reduction is carried out at the temperature of 30°C for an 
overall time of 23 hours. At reaction end, from the reactor 
15.9 g is recovered of a product having zero oxidizing power. 
The analysis of this product shows the presence of structures 
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of -CF 2 0-, -CF 2 -CF 2 0-, 



-CF 2 -CF0- ( a ) 
0 

/\ 

(c) CF— CF 2 (b) 



type, and of end groups of -CF^OF type. The F-N.M.R. 



[ S (b) « -110, -U3; 6 (a) - -132.3, -I36.5;<5(c) - -147.7 J 
and I.R. analyses £ y> (J!& = 1 540 cm"^ confirm the stabili- 
ty of the epoxide during this treatment. The molecular weight 
of the product results to be 0200. 

Example 2A (Comparison Example'! 
In a similar way as of Example 1, 20 g of oil with O.P. 
- 3.645 by weight, obtained in step A of Example 2, is treated. 
Over a 2-hour time, the temperature is increased to 230°C, and 
is maintained for more than 6 hours at 230-240°C. At the end, 
^-2-. 7 g of- product- with- zero 0 .? . is discharged. The 1 V-NtM.Rt - 
spectrum shows the presence of the 
-CF^-CFO- 
C0? 

group in lieu of the epoxy group 

Example 3 

A ) Preparation of the peroxy compound 

To the same equipment as described in Example 1, 4 60 ml of 
CF 2 C1 2 is char S ed ' To the reactor, maintained at -40°C and 
under U.V. light, during 4.4 hours 95.6 g (3 mol) of 0„, 
117.2 g (1.17 mol) of and 9.4 g (0.058 mol) of 
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are then charged. At the end, the solvent is vaporated off, 
and 40.2 g of oily product is obtained. This oil is a polymer 
containing 3.1 7% of active oxygen by weight. The structure, as 
determined by r-N.M.R. and I.R., results to be a sequence 
composed by the same structural units as evidenced in the pro 
duct of Example 1, with the presence of -CF„ and-CF C0F end 
groups in the ratio of 0.5:1. The product has a viscosity of 
3,000 cSt, and a molecular weight of 5,700. Its content of 
epoxy groups is of 2,1 units per chain. 
B) Preparation of zero-O.P. compound 

20 g of peroxidic product, coming from the photosynthesis, is 
dissolved in 230 ml of CF^CICFCI^ and is char^ea to a 300-ml 
photochemical reactor as already described in Example 1 . The 
photoreduction reaction is carried out at the temperature of 
30°C for an overall time of 28 hours. At reaction end : from 
the reactor 13.7 g is recovered of a product having zero oxidi^ 
ing power. The analysis of this product shows the presence of 
structures of -CF o 0- ? -CF ^ — CF ^0- , 

-CF^-CFO- 

i 

o 

/\ 

CF— CF ; 

type, and of end groups of -CF^COF and -CF, type. Said end 
groups are in the above-indicated ratio to each other. The 
molecular weight of the product is 4,250. 
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• Example 3A (Comparison Example) 
In an analogous way to Example i, 15 g of an oil with O.P. - 
3.17 % by weight, obtained by photosynthesis, is treated. The 
reaction mass is heated to 230»C during a 2-hour time, and is 
kept at 230-240-C for a further 6 hours. At the end, 10.2 g of 
a non-peroxidic product is obtained The analyses show the disap 
pearance of the epoxy groups and the appearance of the 

- CF„-CF0- 

- r 

COF 

group 

EXAMPLE A * 

100 g of the product obtained in Example 2A were additioned 
by dripping kvo a mixture of 20 ml of aqueous HF 572, of JO ml 
of CHjOH and of 1 50 ml of 1 , 1 , 2-trif luoro-trichloroethane . The . 
reaction mixture is kept at the boiling temperature for 5 hours. 
The reaction mixture is poured into iced water, the heavy liquid 
phase is separated and then washed with mixture methanol/ hydro- 
chloric acid (36%) in ratio l/l by w. The heavy liquid is then 
dried on N* 2 S0 4 and subsequently the. chlorof luorocarbon solvent 
is distilled off. As a residue there are left 82 g of an oily 
substance which shows in I.R. analysis specific band* of the 
ester group (i800 cm" 1 ) and in N.M.R. a ratio m/n - 0.9. An 
average molecular weight of 730 is determined whereas the acidic 
equivalent weight is 355. The structure of the compound corres- 
ponds to the formula I wherein p *» 1 • 
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EXAMPLE 5 

10 g of the product obtained in example 4, were charged in 
a glass flask of SO ml. 

1 g of <k-AlF^ was added. The mixture was heated to 100°C 
and stirred. 

After 3 hours of reaction the resulting mixture was cooled, 

filtered, and the reaction product was completely recovered. 

The NMR analysis showed the presence of -CF-0 groups 

CO 

y. 

j 

( J> (CF^-C) = - 75 ppm with respect to CF-CF . ) and the complete 

j || o 

Q 

absence or epoxy groups. 

EXAMPLE 6 

0.3 g of anhydrous KF were dispersed in 50 ml of ti^iyme 
(diethylenglycoldimethyl^ther CH.OCH^CH^OCH^CR^OCH ) in a ^lass 
flask of 100 ml. 

20 g of the product obtained in Example 4 were added to this 
dispersion at 50°C drop by drop. The mixture was stirred for 4 
hours, then it was cooled and filtered. 

The diglyme was then separated by distillation under vacuum; 
the remaining product 3howed, under NKR analysis of 'F, that 
the epoxy group was completely disappeared and that the group 
-CF^-COF was present. 

The product thus obtained, treated with methanol, was convert 
ed to the corresponding triester, having acidimetric equivalent 
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weight of 240 and the following formul*: 



CH -O-JC-CP 0 -fCF CF O-^ -i-CF (H- 
o t ] — -6 x m i n 




1 



"O-CF -COOCH 



EXAMPLE 7 



50 g of the product prepared according to Example 5 were 
added, at room temperature, to a suspension of 4 . 5 g of anhydrous 
KF in ISO ml of anhydrous diglyme in an anhydrous atmosphere; the 
mixture was stirred for 2 hours. During this period the solid (KF) 
almost completely disappeared, 

20 g of hexaf luoropropene epoxide were then bubbled into the 
mixture. 

Immediately a salt precipitated, the amount of which increas- 
ed with the amount, of the added epoxide. 

The mixture was degassed from the excess of perf luoropropene 
epoxide, was filtered in anhydrous atmosphere; the heaviest phase . 
was separated and, after the removal of diglyme, . it showed under 
I.R. analysis, the band of acyl fluoride -C^p (l 884 cm" 1 ) and 
the absence of the ketone band (1803 cm" 1 ). The product thus obtain 
ed was treated twice with an excess of anhydrous Na o C0„, in diglyme, 
at 80°C for 60 minutes and at 120-140*C for further 60 minutes. 

The filtered and separated product showed the typical I.R. 
band of perf luorovinylethers (1S4O cm"" 1 ) and the ester band at 
1800 cm" 1 . 

The NMR analysis confirmed the following structure: 
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CH^O-C-CF„0 ^F 0 CF^(>^^F 0 (>>-^F 0 CF V OCF COOCH 

3 ^ 2 - - a 2 n/ -i i - 



EXAMPLE 8 

50 g of the triester obtained according to Example 6 were 

added, drop by drop during 1 hour, in a mixture of 16 g of 

LiAlH J in 500 ml of anhydrous ethyl ether, kept under reflux 
4 

in a 4-neck flask having the capacity of 1 1. 

After 4 hours of reaction, 1 5 ml of H^O dissolved in 60 ml 
of tetrahydrof uran were added in order to decompose the excess 
of LiAIR . 

After a 2-hours stirring 1 50 ml of a mixture of 3queous 

HC1 (33%) H^0 in the voiuae ratio i /4 were added. 

The ether phase was then separated and dehydrated over 

Na SO : the ethvl «ther was then distilled, leaving a liquid 
2 4 

product characterized by a high I.R. absorVanc- in the -OH zone, 
having no absorption in the y C=0 zone. 

By acetylation a hydroxy equivalent weight of 225 was measur 

ed. 

The NMR analysis of *H showed the presence of methylene 
groups CH^ between -CF„ and -OH (at about 4 ppm), therefore 
corresponding to the formula: 

HOCH.-CF 0 -KF n CF <H fCF^O^Z-CF CF OCF^H.OH 

CH 2 0H 

The NMR F analysis confirmed this structure. 
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EX AMPLE 9 

SO g of the triester obtained according to example 6 were 
dissolved in 100 ml of 1 , 1 , 2-trichloro-l , 2, 2-trif luoroethane. 

10 g of isobutylamine were added at room temperature during 
1 hour. 

A sample was drawn after 1 hour and was dried from the solvent 
the remaining product, under I.R. analysis, showed a certain adsor 
bance due to ester group (l800 cm" 1 ) together with the band of 
amidic group (1712 cm"" 1 ). 

The presence of an excess of isobutylamine was confirmed and 
therefore the reaction was carried out for further 3 hours. 

After this time the product did not show any traces of I.R. 
adsorption due to the ester group. 

A viscous oil was then separated after the removal of the sol_ 
vent and of the excess amine. 

A treatment at 150-170°C for 3-5 hours with an excess of 
P o 0^ and successive separation of polyphosphoric acid permit to 
observe an I.R. adsorption characteristic of CN group at 2277 cm 
and the disappearance of the band due to amide group. 

EXAMPLE 10 

In a 500-ml photochemical reactor, having an optical path 
of 0.5 cm, equipped with a coaxial quartz sheath for the inser- 
tion of a Hg-vapour lamp (HANAU type TQ 150) and with a magnetic 
stirrer, a reflux condenser, a C0^ trap and a system for the 
control of the temperature both of the r actor and the sheath, 
DO g of a product obtained according to Example 2A were loaded. 
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1,0 g of bromine w re successively added and the system was 
heated to 100'C. 

After switching on the lamp, SO g of bromine were added during 
the 15 hours of the test. 

At the end the reaction mass was poured into a flask and the 
bromine was distilled under vacuum. 

300 g of a product having an average molecular weight of 700 
and nearly no oxidating ability were obtained, said product having 
-Cr^Br end groups in an amount of 2 brominated end groups for 1 
perf luoropoivether chain, and having one epoxy group -C?— *-r ^ in 

V 

each chain. 
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CLAIMS 

1. Perfluoropolyethers represented by the following formulae: 

- 2 - 4 -' a -- 2 -/ n / w,-^ y ^ (I) 








R 


CF— CP. 


i. 




\ 0 / 2 y 







wherein: 

R f and R» f are -CF^OF or -CF^ end groups rt least one being 

-CF^COF, or groups R f , R' are -CF^COOR, or -CF„Br. 

m, n, and £ are integers different from zero, the m/n ratio 

is comprised within the range of from 0.5 to 2, the oxyfluoro 

alkylene units being randomly distributed along the chain; zhe 
m + n 

p ratio can range from 3 to very high values, even as high 
as 40; or 

R'/^CF^CFoN (CFX0) n /cF o -CF0 -\ R c (II) 

\ / \^ V J p wherein 

X is F or CF r , d, n and o are integers different from zero,. R ! 
and R^ indicate the end groups above specified; m/n ratio is 
comprised within the range of from 5 to 40, and the m/p ratio 
is comprised within the range of from 2 to 50. 

2. Perfluoropolyethers according to claim 1 of formula (I) having 
an average molecular weight comprised within the range of from 
500 to 15 000. 

3. Perfluoropolyethers according to claim 1 of formula II having 
an average molecular weight comprised within the range of 
from 500 to 8 000. 
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Perf luoropolyethers according to claim 1 in which at least 
one of the groups R^, R 1 ^ and epoxy groups along the chain, 
are converted into different functional groups suitable to 
give polymers by polycondensation or by polyaddition reactions 
or to act as crosslinking agents* 

Perf luoropolyethers according to claim 4 in which the funcio- 
nal groups are selected from: 

- CONHR (R - H or alkyl -C, n or cycioalkyl) 

- CN 

- CHR'OH (R* - H or -CFj 

j 

- C V H 2 

-CF o 0CF=<?^ or -CF o CF n -0-CF - CF„ 

Process for preparing the perf luoropolyethers according co 
claim i. ■..■nerein R ' r and n p are -CO?' or whic." 'jcmpr ises 

submitting zo photochemical oxidation with molecular oxy- 
gen, and in-T.he presence of U.V. light, at temperatures com- 
prised within the range from -30°C to +50°C, a liquid-phase 
mixture of at least one perf luorinated olefin and of at least 
one conjugated pen luorodiene , and sudssgjsp. z ly d^coniDOS- 
ing the peroxy groups present in the pic ^oxidation proauct, 
by means of a treatment with U.V. light at a wavelength com- 
prised within the range of from 24 8 to 334 nm, at temperatu- 
res of from 0°C to -H60°C. 
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Process for preparing the perf luoropolyethers according to 
claim 1, wherein R' f and R f are -CF 2 Br, which comprises 
submitting to photochemical oxidation with molecular oxygen, 
and in the presence of U.V. light, at temperatures compris- 
ed within the range of from -80°C to +J0 4 C, a liquid-phase 
mixture of at least one perf luorinated olefin and of at least 
one conjugated perf luorodiene, and subsequently decompos- 
ing the peroxy groups present in the photooxidation product 
by means of a treatment with U.V. light at a wavelength com- 
prised within the range of from 24 8 to 334 nm, in the presen- 
ce of bromine. 

Process for preparing the perf luoropolyethers according to 
claim 1, wherein R' f and R f are -CF,C00R, which comprises 
submitting to photochemical oxidation with molecular oxygen, 
and in the presence of U.V. light, at temperatures comprised 
within the range of from -SO'C to +50°C, a liquid-phase mix- 
ture of at least one perf luorinated olefin and of at least 
one conjugated perf luorodiene, and subsequently decompos- 
ing the peroxy groups present in the photooxida tion product, 
by chemical reduction with HI in alkanol ROH; wherein R is 

alkyl C - C.. 

1 0 



